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1. 

GUIDE CATHETER HAVING 
VASOMODULATINGELECTRODES 

FIELD 

This invention relates to the field of vessel vasomodulation, 
vasodilation and vasoconstriction using electrical impulses 
and guide catheters that have Such a vasomodulating function 
and methods of use thereof. 

BACKGROUND 

During catheterization procedures, the introduction of 
guidewires, guide catheters or other instruments may stimu 
late an unwanted vasospasm, which creates narrowing of the 
blood vessel. Typical treatments are to wait for the vasospasm 
to relax, add a vasorelaxant Such as nitroglycerine, or risk 
damage to the narrowed lumen of the vessel by continuing the 
procedure. Waiting for the spasm to resolve increases proce 
dure time, and adding nitroglycerine may cause unwanted 
systemic effects of reducing blood pressure. There is thus a 
need to provide a means to treat vasospasms in an acute 
setting in a manner that is preferably immediate and local. 

SUMMARY 

One embodiment of the invention, therefore, pertains to a 
catheter that can provide immediate, local electrical stimula 
tion to treat vasospasms. Electrical stimulation can cause both 
vasodilation and vasoconstriction. The stimulating waveform 
completely determines whether the vessel will constrict or 
dilate. Frequency, voltage and duration of the stimulating 
pulse can be selected to dilate a vessel that experiences local 
spasms and constriction. A catheter having a unipolar or, 
alternatively, a bipolar electrode at the distal tip or at a distal 
location along the catheter outer Surface along with a control 
ler attached at the catheter proximal end for determining and 
generating the waveform signal can be used for catheteriza 
tion procedures. If the vessel undergoing intervention begins 
to spasm and constrict, the stimulation can be turned on to 
cause vasorelaxation and the procedure can be continued with 
minimal interruption. This can be repeated as often as neces 
sary throughout the procedure. 

Another embodiment pertains to a guide catheter that 
includes an electrode on its distal tip. Such an electrode may 
be a bipolar electrode having two exposed conducting ele 
ments at the distal tip of the guide catheter that are electrically 
connected to a signal generation device electrically con 
nected to the electrode through the base of the guide catheter. 
An alternate construction is a monopolar electrode configu 
ration with a single conducting element at the distal tip of the 
guide catheter and a return electrode disposed at the proximal 
base of the catheter or at some other suitable location. An 
additional alternative embodiment includes a guide catheter 
configuration that has a single electrode at its distal end and 
also includes a conducting guidewire that can act as a return 
electrode and is disposed through the lumen of the guide 
catheter during operation. 
One method ofuse involves using the system to treat vasos 

pasms that may occur as the guide catheter is advanced dis 
tally through the vasculature. A vasospasm is a spasm of the 
blood vessel and may lead to constriction of the vessel. Vasos 
pasms may be caused by irritation of the blood vessel lining, 
irritation caused by the condition being treated, medical 
devices being advanced through the blood vessel, therapeutic 
procedures or some other cause. The blood vessel is moni 
tored as the guide catheter is advanced, either fluoroscopi 
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2 
cally, through one of the known rapid scanning techniques or 
through another suitable method. When a vasospasm or other 
constriction is encountered, the electrode is activated as 
described in more detail below to provide relief to the vasos 
pasm. Such relief can include restoring the blood vessel to its 
normal diameter or may include causing the blood vessel to 
temporarily expand to larger than its normal diameter. The 
guide catheter may then be advanced while being monitored 
and the procedure repeated as desired. 

Another method of use involves using the tip electrode 
guide catheter embodiment to help advance the distal tip of 
the catheter from a larger vessel into a smaller vessel branch 
ing from the larger vessel or at a bifurcation in a vessel. 
Generally the guide catheter is advanced, preferably along a 
guidewire, to a position in the larger vessel close to where the 
lumen of the smaller vessel opens in the wall of the larger 
vessel. The tip electrode is activated as described in more 
detail below to dilate the opening, and the distal tip of the 
guide catheter is advanced into the lumen of the Smaller 
vessel. Such a procedure may be of use in any number of 
places in the vasculature, including in the heart and in other 
organs and may also be of use in any of the other body vessels 
having a similar configuration. For example, the procedure 
may be of use in an endoscopic procedure to dilate or calm the 
papilla of Vater prior to advancing a catheter or other thera 
peutic instrument through the opening. 

Another method ofuse involves advancing the tip electrode 
guidewire through a vessel to an occlusion Such as a fatty 
deposit on the wall of the blood vessel. When the tip electrode 
is near the occlusion, the electrode is activated to relax and 
possibly dilate the wall of the blood vessel prior to advancing 
a guidewire or other therapeutic instrument such as an angio 
plasty catheter through the occlusion. The stimulation from 
the electrode may also be continued while the therapeutic 
device is being advanced. 

Another embodiment pertains to an indifferent electrode 
guide catheter system where the guide catheter includes along 
a portion of its length a conducting material that serves as one 
half (anodic or cathodic) of a bipolar electrode. The conduct 
ing material is electrically connected to a pin at the proximal 
base or hub of the guide catheter. The system also includes a 
return electrode on a separate device Such as a guidewire that 
has an exposed conducting portion at its distalend electrically 
connected to a pin at its proximal end. The system includes an 
electrical signal generator that can be electrically connected 
to the guide catheter and return electrode as desired. 

In a method of use, the indifferent electrode guide catheter 
may be used as an ordinary guide catheter until a vasospasm 
or other incidence is encountered. For example, the indiffer 
ent electrode guide catheter may be advanced along a 
guidewire to a position in the aorta. If vasomodulation is 
desired, the return electrode may be advanced along a parallel 
vessel, which in this example may be the Vena cava, until the 
distal end of the return electrode is located at the desired 
location for vasomodulation. The electrical signal generator 
is connected to the guide catheter and the return electrode, 
and a signal is generated to vasomodulate the vessel. The 
vasomodulation occurs around the portion of the conduction 
material on the guide catheter that is nearest to the distal tip of 
the return electrode. The return electrode may be moved as 
desired to vasomodulate different areas of the vessel. 

Another embodiment pertains to a guide catheter having a 
bipolar electrode at one or more areas along its length. Sepa 
rate electrodes are disposed along the length of the outer 
Surface of a guide catheter, and each electrode is separately 
electrically connected to a separate pin at the base of the guide 
catheter. Each electrode is a patch of electrically conducting 
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material at the Surface of the catheter, and each electrode may 
extend circumferentially around the guide catheter. An alter 
native embodiment includes a tip electrode such as described 
above with respect to the tip electrode guide catheter embodi 
ment. A signal generating device may be connected to the pins 
at the base of the guide catheter. The operator can use the 
signal generating device to select any consecutive pair of 
electrodes to send a vasomodulating signal to. Alternatively, 
the signal generating device can send a cascading vasomodu 
lating signal using overlapping consecutive pairs of elec 
trodes. For example, in a catheter having three electrodes, the 
signal generator can send a signal using the first and second 
electrodes and then another signal by using the second and 
third electrodes. In this manner, vasomodulation may be per 
formed along a greater length of the guide catheter than would 
be possible with using only two electrodes. 

In one method of use, a guide catheter of this embodiment 
may be used to treat vasospasms as described above with 
respect to the tip electrode guide catheter embodiments. 
Some vasospasms may not occur or may not be detected until 
after the tip of the guide catheter is past the area of vasospasm. 
Vasomodulation may be applied by using the two electrodes 
nearest the area of vasospasm or, alternatively, along the 
length of the electrodes as described above. 

In another method ofuse, the guide catheter may be used to 
apply vasorestriction in conjunction with another therapy. For 
example, a guide catheter is advanced to a desired location in 
a blood vessel and an angioplasty catheter is advanced within 
the guide catheter. Vasorestriction is applied around the guide 
catheter proximal of the distal end. The blood vessel con 
stricts around the guide catheter to reduce or stop blood flow. 
This may be done just prior to advancing the angioplasty 
catheteracross the occlusion to prevent fragments from drift 
ing downstream or to localize the application of a therapeutic 
agent by stopping the flow of blood. When blood flow is 
desired again, perhaps to reperfuse or flush the area of treat 
ment, the vasoconstriction can be reversed by applying a 
vasodilating signal with the electrodes. This is a quick pro 
cedure and may be repeated throughout the overall treatment 
as desired. In this manner, the vasomodulating catheter may 
be used as an alternative to a guide catheter having a balloon 
or other mechanical occluder at its distal tip. Alternatively 
Such a procedure can be used to avoid the associated side 
effects of a larger dispersal of drugs by localizing the treat 
ment area. 

The above Summary of some example embodiments is not 
intended to describe each disclosed embodiment or every 
implementation of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention may be more completely understood in con 
sideration of the following detailed description of various 
embodiments in connection with the accompanying draw 
ings, in which: 

FIG. 1 is a diagrammatic view of a guide catheter system 
according to one embodiment of the invention; 

FIG. 2A is a diagrammatic view of the distal end of a 
second embodiment of a guide catheter system disposed in a 
blood vessel; 

FIG. 2B is a diagrammatic view of the distal end of the 
system of FIG. 2A disposed in the blood vessel; and 

FIG. 3 is a diagrammatic view of the distal ends of another 
embodiment of a guide catheter system disposed in a blood 
vessel. 

While the invention is amenable to various modifications 
and alternative forms, specifics thereof have been shown by 
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4 
way of example in the drawings and will be described in 
detail. It should be understood, however, that the intention is 
not to limit aspects of the invention to the particular embodi 
ments described. On the contrary, the intention is to cover all 
modifications, equivalents, and alternatives falling within the 
spirit and scope of the invention. 

DETAILED DESCRIPTION 

For the following defined terms, these definitions shall be 
applied, unless a different definition is given in the claims or 
elsewhere in this specification. 

All numeric values are herein assumed to be modified by 
the term “about', whether or not explicitly indicated. The 
term “about generally refers to a range of numbers that one 
of skill in the art would consider equivalent to the recited 
value (i.e., having the same function or result). In many 
instances, the term “about may be indicative as including 
numbers that are rounded to the nearest significant figure. 
The recitation of numerical ranges by endpoints includes 

all numbers within that range (e.g., 1 to 5 includes 1, 1.5, 2. 
2.75, 3, 3.80, 4, and 5). 

Although some Suitable dimensions ranges and/or values 
pertaining to various components, features and/or specifica 
tions are disclosed, one of skill in the art, incited by the 
present disclosure, would understand desired dimensions, 
ranges and/or values may deviate from those expressly dis 
closed. 
As used in this specification and the appended claims, the 

singular forms “a”, “an', and “the include plural referents 
unless the content clearly dictates otherwise. As used in this 
specification and the appended claims, the term 'or' is gen 
erally employed in its sense including “and/or unless the 
content clearly dictates otherwise. 

Further, the description of the embodiments is made gen 
erally with reference to use within the vasculature and with 
guide catheters. However the invention is not so limited. 
Embodiments of the invention and methods of use thereof 
may become an integral part of any catheter used in a catheter 
based procedure that involves lumens lined with smooth 
muscle, which procedures may include vascular, cardiology, 
pulmonary, gastrointestinal, urology, gynecology and periph 
eral vascular procedures, among others. 
As used herein, a circuit means a configuration of electri 

cally or electromagnetically connected components or 
devices or a subset thereof. The term circuit may, in certain 
contexts, refer to any of electrical, electronic, or Software 
components. 
As used herein, an electrode means a solid electric conduc 

tor through which an electric current enters or leaves an 
electrolytic cell or other medium, and which is distinct from 
other electrodes. One electrode may not be connected to 
another or may be electrically connected to another through 
the impulse generating system or other distinct part of the 
circuit or may be connected directly only electromagneti 
cally. Two sections of the same electric conductor are a single 
electrode. 
The following detailed description should be read with 

reference to the drawings in which similar elements in differ 
ent drawings are numbered the same. The detailed description 
and the drawings, which are not necessarily to Scale, depict 
illustrative embodiments and are not intended to limit the 
scope of the invention. The illustrative embodiments depicted 
are intended only as exemplary. Selected features of any 
illustrative embodiment may be incorporated into an addi 
tional embodiment unless clearly stated to the contrary. 
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Turning now to FIG. 1, a guide catheter system 10 includes 
a guide catheter 12 and an electrical impulse generator 14. 
Guide catheter 12, apart from the additional features dis 
cussed herein, may include any features of a guide catheter 
not expressly discussed, including, for example, a hub 16 
having one or more ports, one or more lumens, layered or 
reinforced construction, radiopaque features and sensors. 
Guide catheter 12 may also include one or more electrodes 18 
disposed at the distal tip of the catheter. 

Electrodes 18 may be made from any electrically conduc 
tive materials, including metals, electrically conductive poly 
mers or ceramics, electrically conductive paints or coatings or 
any other suitable material. The electrode may be attached to 
the catheter through any conventional means Suitable to the 
material, including molding the electrode in place, adhesives, 
welding, a tie layer or other means. The electrodes are 
depicted as Solid but may have a flexible geometry Such as an 
open mesh. Each electrode is electrically connected to a con 
nector 20 by a wire or other conduit (not shown). These wires 
may be embedded within the wall of the catheter 12, disposed 
on the inside wall of the catheter, painted on using an electri 
cally conductive paint or fashioned using some other Suitable 
method. Electrodes 18 are on the outside surface of the cath 
eter and preferably exposed to elements distal of the distal tip 
of the catheter. Electrodes 18 are preferably visible using 
radioscopic techniques or, alternatively, a radiopaque ele 
ment is disposed near the electrodes. 
Hub 16 includes one or more ports and a strain relief 22 and 

may include a connector 20. Connector 20 permits the cath 
eter to be easily and releasably connected via a cord or wires 
24 to electrical impulse generator 14. Any Suitable means of 
connecting the catheter electrodes electrically to the electrical 
impulse generator may be used. In an alternative embodi 
ment, each electrode may be separately connected to the 
electrical impulse generator, and consequently, only the elec 
trodes being used need to be connected. 

Electrical impulse generator 14 includes a power source 
Such as a battery or power cord for connecting to external 
power, a circuit for controlling the waveform characteristics 
of the electrical impulse, and means for sending the electrical 
impulse through the electrodes and suitable controls. The 
circuit for controlling the waveform characteristics may 
include means for customizing the frequency, Voltage, length 
of pulses and number of pulses, or overall duration or means 
for selecting preloaded waveform characteristic profiles. One 
example electrical impulse waveform known to cause vasodi 
lation is a pulse of about 1 hertz and up to 70 volts. One 
example electrical impulse waveform known to cause vaso 
constriction is between about 10 and about 20 volts and 
greater than about 16 hertz. Other therapeutically effective 
waveforms may be used as well. The waveform profile may 
be selected as well. For example, a sinusoidal pulse or a 
square wave pulse may be selected as desired. 

FIG. 2A depicts the distal part of a guide catheter system 
30. Guide catheter system 30 is similar to guide catheter 
system 10 except as discussed herein. System 30 includes a 
guide catheter 32 with electrodes 34, 36, and 38 spaced apart 
longitudinally along the outer Surface of the guide catheter 
near the distal end. More or fewer electrodes may be included 
as desired. The distance between each pair of electrodes is 
such that each pair (in this case, electrodes 34 and 36 or 
electrodes 36 and 38) may serve as the anode and the cathode 
of a bipolar electrode system. The electrodes are shown as 
having a cylindrical shape extending around the circumfer 
ence of the guide catheter. Other shapes may be suitable, 
including a coil, a wire mesh or an electrode that does not 
fully encircle the guide catheter. 
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6 
An electrical impulse generator (not shown) permits the 

functions described above with respect to electrical impulse 
generator 14 and also permits selection of which electrodes 
are used to deliver an electrical pulse. Any consecutive pair of 
electrodes (in this case, electrodes 34 and 36 or electrodes 36 
and 38) may be selected. Another function of the electrical 
impulse generator may be to deliverpulses through more than 
one pair of electrodes to vasomodulate along a greater length 
of the catheter. For example, a profile may be loaded into the 
electrical impulse generator that sends a rapid succession of 
pulses cascading through alternating pairs of electrodes or 
sequentially down the line of electrode pairs. 

In FIG. 2A, the distal part of the guide catheter 32 is 
depicted as disposed in a blood vessel 40 having a constric 
tion 42 caused by a vasospasm. The location of the vasospasm 
relative to the guide catheter may be determined fluoroscopi 
cally and electrode pair 34 and 36 may be selected using the 
electrical impulse generator. A vasodilating electrical 
impulse is sent through the selected electrodes to treat the 
vasospasm by dilating the blood vessel wall near the selected 
electrodes as shown in FIG. 2B. The blood vessel may be 
dilated to its nominal diameter, as depicted, or may be dilated 
to an enlarged profile if desired. 
The above describes only the procedures unique to the 

particular guide catheters of this and other embodiments. 
Other elements of a procedure. Such as advancing the guide 
catheter over a guidewire, advancing a therapeutic catheter 
Such as an angioplasty or stent delivery catheter, or the appli 
cation of therapeutic agents may, of course, be performed as 
with any guide catheter. In fact, the electrical impulse gen 
erator may not need to be connected and the guide catheter 
may be used as if it were a standard guide catheter. Only if a 
vasospasm or other condition amenable to treatment with 
vasomodulation is detected need the above procedure be 
employed. 

FIG. 3 is a diagrammatic view of the distal ends of an 
embodiment of the invention. Depicted is the distal end of a 
guide catheter 50 having an electrode 52 disposed thereon in 
a first blood vessel 54 and the distal end of an elongate 
instrument 56 having an electrode 58 disposed thereon dis 
posed in a second blood vessel 60. The first and second blood 
vessels may be any two blood vessels that run close together. 
For example, the aorta and the vena cava are suitable blood 
vessels. Electrodes 52 and 58 may be any suitable electrode as 
described above and elongate instrument 56 may be a 
guidewire or other suitable device. The guide catheter may 
include more than one electrode to allow flexibility in choos 
ing the treatment location without moving the guide catheter. 

In use, guide catheter 50 is used as desired in a therapeutic 
process Such as an angioplasty procedure. Should a vasos 
pasm or other condition amenable to treatment with vaso 
modulation be detected, elongate instrument 56 is advanced 
through second blood vessel so that the electrode is near the 
vasospasm. Both the guide catheter and the elongate instru 
ment are electrically connected to an electrical impulse gen 
erator, and a vasomodulation therapy is performed to treat the 
vasospasm. If the guide catheter includes more than one elec 
trode, the electrode near the area of treatment is selected using 
the electrical impulse generator prior to performing the vaso 
modulation. 

Those skilled in the art will recognize that the present 
invention may be manifested in a variety of forms other than 
the specific embodiments described and contemplated herein. 
For example, it will be readily apparent that electrodes 18 
may be combined into guide catheter system30. Accordingly, 
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departure in form and detail may be made without departing 
from the scope and spirit of the present invention as described 
in the appended claims. 

What is claimed is: 
1. A method of advancing a guide catheter, comprising the 

steps of: 
providing a guide catheter having a proximal hub, a distal 

tip and a lumen extending therebetween, the guide cath 
eter further having an electrode disposed at the distal tip; 

determining a location of a vasospasm in a blood vessel 
where the vessel is constricted; 

advancing the distal tip of the guide catheter distally to a 
first location within the blood vessel, wherein the first 
location is proximal of the vasospasm; 

applying an electrical impulse through the electrode to the 
blood vessel to cause the blood vessel to dilate at the first 
location; 

advancing a balloon catheter distally through the guide 
catheter to a location distal of the first location; and 

expanding the balloon distal of the distal tip of the guide 
catheter. 

2. The method of claim 1, further comprising, subsequent 
to the step of applying the electrical impulse, the step of 
advancing the guide catheter to a second location distal of the 
first location. 

3. The method of claim 2, further comprising the step of 
applying an electrical impulse through the electrode to the 
blood vessel to cause the blood vessel to dilate at the second 
location. 

4. The method of claim 1, wherein the guide catheter fur 
ther comprises a second electrode at the distal tip of the 
catheter and wherein the step of applying the electrical 
impulse further includes the step of applying the electrical 
impulse through the second electrode. 

5. The method of claim 1, further comprising the step of 
observing the blood vessel. 

6. The method of claim.5, wherein the step of observing the 
blood vessel includes the step of observing the blood vessel 
fluoroscopically. 

7. The method of claim 1, wherein the guide catheter fur 
ther includes a third electrode spaced proximally from the 
distal tip and further including the steps of moving the guide 
catheter so that the third electrode is near the observed vasos 
pasm and applying an electrical impulse through the third 
electrode to the blood vessel to cause the blood vessel to dilate 
at the location of the observed vasospasm. 
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8. The method of claim 1, wherein the guide catheter is 

slowly advanced distally while applying the electrical 
impulse. 

9. The method of claim 1, wherein the electrode is in 
contact with a wall of the blood vessel during the step of 
applying an electrical impulse. 

10. A method of performing an intravascular therapeutic 
procedure comprising the steps of: 

providing a guide catheter having a distal end and a lumen 
and an electrode disposed near the distal end; 

providing a therapeutic instrument configured to be 
inserted through the guide catheter; 

advancing the distal end of the guide catheter through a 
blood vessel to a location proximal of a region to be 
treated; 

applying an electrical impulse through the electrode to 
constrict the blood vessel around the guide catheter; 

while the blood vessel is constricted, advancing the thera 
peutic instrument through the guide catheter and out of 
the distal end of the guide catheter to the region to be 
treated; 

performing a therapeutic procedure with the therapeutic 
instrument; and 

applying an electrical impulse through the electrode to 
dilate the blood vessel. 

11. The method of claim 10, wherein the step of applying 
an electrical impulse to constrict the blood vessel and the step 
of applying an electrical impulse to dilate the blood vessel are 
alternated and repeated throughout the therapeutic procedure. 

12. The method of claim 10, wherein the step of applying 
an electrical impulse to constrict prevents blood flow past the 
guide catheter electrode. 

13. The method of claim 10, wherein the guide catheter 
includes a second electrode. 

14. A guide catheter system comprising: 
a guide catheter having a proximal end and a distal end and 

a first plurality of electrodes disposed at the distal end, 
the first plurality of electrodes electrically connected to 
an electrical impulse generator, and 

a second plurality of electrodes disposed on a guide wire, 
the second plurality of electrodes electrically connected 
to the same electrical impulse generator as the first plu 
rality of electrodes, wherein the guide wire is disposed 
outside of the guide catheter such that the guide catheter 
and guide wire are configured to be inserted into differ 
ent vessels while remaining connected to the electrical 
impulse generator. 


